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ABSTRACT 
REMOVAL OF HYDROGEN SULFIDE FROM GROUND 
WATER IN CENTRAL FLORIDA 
by 
Thomas Gene Lochrone, PE 
B. S. C. E., Norwich University 1 1968 
The presence of hydrogen sulfide in a ground water source is noted by its 
rather obnoxious odor, similar to a "rotten egg••. Concentrations as lo\v as 
0. 05 ppm are noticeable, therefore, almost its entire removal is demanded 
prior to potable consumption. Hydrogen sulfide is formed primarily by the 
decotnposition of organic rnatter in anaerobic condiHons. Re1noval of this 
ye1s hos been accomp I i shed by means of aeration, detention, and ch Iori no-
tion over the years. The mechanisms behind each of these processes ore 
cc.-:>mplex and discussed in this paper. 
During i·he course of this investigation, a Bterature survey concen1iflg 
the nature and sources of hydrogen sulfide, its removt:"'l by aeration and 
de·rention, and the experimental methodology has been conducted. San1ples 
were collected from tvvo gtound water locations in Central Florida, namely 1 
City of Apopka Terrace Plant, and aha City of fv\ait~ond This~le Pla;1t. Th~se 
samp~es were taken before and after aeration and detained in containers 
similar to the storage tank dimensions . These samples were tested for 
Hydrogen Sulfide and pH with respect to time. 
- The aerators were determined to remove 13 to 15 percent H
2
S, 
respective I)' . The pH values ranged between 7- 8 prior to detention and rose 
slowly during H2S ionization to 8-8 .6. 
Both locations were evaluated to determine the most econornic opernting 
conditions, ldeally, Apopka should be removing between 30 - 40 percent by 
~eons of aeration, and Maitland, between 40- 50 percent. Chlorination 
wi II remove the remaining H2S. 
Although the existing aeratois were operating less than their optimum 
rcmovc1l range, they should remain in servJce. This is based on deducting 
the aera·:·or nsunk costs11 from the economic evaluation. 
Efforts should be encouraged to improve aerator efficiencies by 
increased agitotionr contact time,· and weir overflow rates in the aerator trays. 
These measures should increase the H
2
S 'reaction rate and improve its removal . 
Detention only removes the odor problem, but the chlorine demand 
-
sti If remains, as exerted by the forms t-IS- and S • 
... 
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1.0 INTRODUCTION 
. The primary source of drinking water for the State of Florida is from deep 
wells which ex1·end far into the I imestone depths often referred to as the 
11 Fioridan Aquiferh. The:;e water s~~rces are often tr\:>ubred 'Nith the presence 
of hydrogen sui-fide, which has a rather obnoxio.us odor son1ewhat like that of 
a nrotten egg,.. The removal of this constituent frorn the water is ofi·en 
c.1ccornplished by the use of both aerat ion and ch1orinati()n appl:catio.1s. 
In the Centra! Florida area1 as well as the State in general, water is 
stored in ground water reservoirs. These tanks often are constructed with 
natura I draft aerators at their top. The ~ater from the aquifer is pumped 
up through the aerator and allowed to flo'N by gravity over a series of 
cascading trays before reaching the tank below. It is during this process 
thot the hydrogen sulfide is reiec.1~ed from the \.Vater to the atrilosphere. The 
effectivenesr; of this type of aerator is very important, since what is not 
released to the atmosphere must be removed by chlorination. 
The Florida Si·ate Deportment of Environmental Regulation has 
suggested a roaxilnum conoentrotioJ» for hydrogen sui fide in o potable water 
sourc~ at 0.05 pprn .. This Agency does.~ hov1ever, require by law thot oil 
. 
potable \Voter sources maintain a free chlorine residual of 0.5 ppm. This 
Iotter reqt,irement wi U entirely re:r.1ove any hydrogen sulfide present in the 
water.. Consequently, the chlorination criteria is sufficient enough to proteci· 
2 
the public from obnoxious sulfide odors in their drinking water. 
The main consideration here is, therefore, an econoroic one. Sin·ce 
natura-l drafi· aerators have their limitations in sulfide removal from one 
source location to another ... a methodology is required that will identify the 
most cost effective balance between aerator and chlorination treatn1ent 
operations. Also, considerations need to be identified that will aid 
designers in upgrading existing aerator design to achieve maximum 
performance. The foil owing report answers these questions, among others, 
in the removal of hydrogen sulfide from Central Florida water sources. 
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2.0 OBJECTIVE AND SCOPE 
In the Central Fiorida area, a search for two rather average water st1pply 
locations was conduci·ed. The City of Apopka, Terrace Water Plant r and 
the City of Maitland, Thistle Water Plant were selected as the typical case 
study locations. 
The main obiective of this research was to rate the effectiveness of 
natural draft aerators in operation; establish a methodology which would 
provide a means to identify the most cost effective ccn1bi nations be·tween 
chlorination and aeration; and to identify several aerator design considera-
tions which would upgrade efficiency at existing and proposed locations in 
the removal of hydrogen sulfide. 
The scope of this work was confined to natural draft cascade type 
aera·tors situated on top of reinforced concrete ground storage tanks. Both 
of these units \Vere manufactured by the Crom Corporation, whose office is 
based in Gainesvi lie, Florida • . The aerator review v.,ras conducted solely on 
its t1bil ity to remove hydrogen sulfide and did not consider other constH·uents 
in the vt~ater that may cause other i·aste and odor problems. 
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3.0 LITERATURE REVIEW 
The removal of hydrogen sulfide from ground water sources prior to 
potable consumption is often accomplished effectively by the processes of 
aeration, ionization and chlorination. The aeration process discussed herein 
uses the mechanism of a natural draft cascade. type aerator situated on top a 
ground vvater s-torage tank which p-ovides the mecns for detention and subse-
quent H
2
S ionization. Chlorination is accomplished on the discharge side of 
the ground storage tank in advance of the water distribution system. 
The effectiveness of each of these processes is rather complex and 
depends largely on the constituents and ·the H2S concentration present in the 
ravv w·ater source. In order to evaluate the impact these consHtuents rnay 
have on the efficiency of each of the above processes, a clear understanding 
of ·i·he n1echanisms behind each process is essential. In the report that 
follows, each process shall be researched with respect to hydrogen sulfide 
removal. Emphasis shall not only be placed on the theory of each process 
but •:tlso the parameters which significantly affect both the rate and direction 
of the removal process., And final Jy, all laboratory techniques, methods and 
equipment used in these determinations shall be presented. 
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3. 1 Sources and Nature of Hydrogen Sulfide 
Hydrogen Sulfide, H2S, is found in ground water sources primarily o.s 
a result of the decomposition of organic matter cor;taining sulfur and from the 
reduction of sulfites and sulfates, /v\atcolf and Ec.!dy ( 1 ). Carnp ( 2) li st~ in 
TCJble 3-1 substances that ore n1ost commonly present in natural \Vater sources ... 
Table 3--l indicates i-hat :;ulfates origin~e from min~rrJls and the atmosphere; 
Whereas, h}'drogen sulfide, H2S, and its ionic forms (HS-, S-), originate from 
the decomposition of organic matter. 
Organic Sulfur is required in the synthesis of proteins and is released 
during degradation and then reduced in'fo hydrogen sulfide under anaerobic 
conditions. Elemental su!fur {S) follo-...vs a -- different path. Jt is chemicoliy 
-
reduced by oxidaHon to form the sulfate compound as S04 or S03 .. Sulfates 
are furthar reduced by bacteria under anaerobic conditions ·~o form sulfites in 
the form of so3 or so2 and eventool:}' sulfides as indicated by equcJtions 
1 and 2, Sawyer and McCarty ( 3 ) . 
- • bacteria -S04 +orgcn•cmatter ) S +H2 0+C02 equation 1 
= + S +2H equation 2 
According to studies conducted by EPA ( 4 ), in this reaction 96 
graros of sulfate (504) make available 64 grams of oxygen Jeaving 32 grams 
of sui fide.. This also indicates that about 42 grams of organic matter ¥/ould be 
oxidized durin£! the process. 
Ta
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The sulfate reducing bacteria (Desuifovibdo desulfuricans) exist in 
these anaerobic conditions and reduce sulfates and other sulfur compounds to 
hydrogen sulfide. Their optional growth range, with respect to pH units, has 
been determined to be within the limits 5.5 to 8.5. The optional temperature 
range corresponding to these pH conditions is from 24° to 42° C., White (5). 
Another bacterial form which oxidizes sulfur compounds is from the 
genius Beggiatoa and Thiobacillus. The Beggiatoa are filamentous white 
sulfur bacteria that obtain the energy necessary for their growth by oxidizing 
the SL•Ifide ion to collodial sulfur, which is then stored in their cells, 
White {5). 
According to Bass and Becking {6),. the putrefaction of protein from 
bacf·erial action with sui fur compounds containing amino ocids is another 
source of H2S. Bacteria in the soil, water, intestines, and sewage, as 
indicated previously, decompose organic matter. This decomposition process 
yields protein, which contains sulfur from the three following forms of amino 
acids: cystine, cysteine, and n1ethionione. These forms reduce to yield H2S 
by means of enzymes which are primarily Clostridium, Escherichia, Proteus, 
and Bccci! Ius. 
Postgate (7) indicates that bacteria can also f.ynthesize sulfur con-
taining arnino acids from inorganic sulfates. In this case, the bacteria 
converts ~·he 5uffate: :on tv PAPS (3-phosphoadenosine - 5 -phosphosulfate}, 
also called aC'tive sulfate, and yields H2S. PAPS, wi1h an appropriate enzyme, 
8 
can convert su lfate to phenol, lipids, protein, and carbohydrates. These 
cnzyrnes can be either Enterbacte r aerogenes, Pseudomonas punctata, 
Clostridium kluyneri, Bakers yeast and Baci ll us termenails. 
According to Peck (8), dissin1ifatory su lfate reduction is conducted 
by a few types of bacteria under anaerobic conditions which can produce 
l arge arnounts of H2S. This reaction is characterized by APS formation .. 
APS (Adenosine-5-phosphosulfate) is a nucleotide which differs from PAPS 
ond is formed from ATP {Adenosine triphosphate) by the enzyme APS -
sulfurylase. The APS reduces to yield H
2
S. 
The organisms which reduce APS in dissimilatory sulfate reduction are 
Desulfovibrio desulfuricans, Clostridium ni~grificansr Vibrio-cholinicus, 
Thiobacillus theoparus, Thiobacillus throoxidaus and Thiobacillus 
denifrificans, as noted by Peck (8). 
A.ll of these biological reac;tions constitute part of what has been 
referred to as the "Sulfur Cycle 11 • Sawyer and McCarty (3) have 
illustrate d this cycle as noted in Figure 3-·1. As exemplified by this 
iJ lust·ration, these are several starting points from which the production of 
H2 S may develop. 
Hydrogen sulfide gas has a very obnoxious odor sornewhat I ike that of 
a rotten egg .. According to White (5), it is an almost impossible task to 
produce a water free of taste and odor at all times if H
2
S is present without 
some degree of treatment. As small as 0.5 ppm of H2S in cold water is 
9 
Fig. 3-1 (3) 
SULFUR C'fCLE 
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noticeable and the odor imparted by 1 ppm is definitely offensive. Less odor 
is detectable when the pH is high (8+). This would indicate the presence of 
alkaline sui fide (HS- 1 S-) which does not have the rotten egg odor related 
to H2S, White ( 5 ). According to White ( 5 }, the minimal detectable 
taste in water is about 0 .. 05 ppm. 
The Florida Department of Environmental Regulation recommends a 
upper limit on hydrogen sulfide in potable drinking water at 0 .. 05 ppm. 
However, $ince this agen.cy requires all potable waters be chlorinated and 
have a 0.5 ppm free chlorine residual, the hydrogen sulfide will be removed 
by the ch Iori ne.. Consequent I y, the maxi mum r eve I of 1-1
2 
S in solution is not 
on their list of regulated levels. However, .. its presence does constitute a 
chlorine dernand and therefore is of an economic concern. 
Hydrogen sulfide can be relatdd to the corrosion of \Vater mains, 
sanitary sewer force mains and gravity lines srnce it can be converted to 
su,furic acid when in the presence of oxygen by bi~ logical 1neans. Equation 
3 indicates the reaction that occurs, Metcalf and Eddy ( 1 ): 
H2S + 0 2 bacteria) H2so4 equation 3 
It is the sulfuric acid that actually does the damage to the above 
systems. H2 S 1 or in solution hydrosulfuric acid, is a v.,reaker acid than 
cc1rbonic acid (C02) and has little affect on the above systems. As regards 
gravlt}' or force n1ain sewer lines partially fuil and with oxygen available, 
aerobic bacteria \viii oxidize the H2 S ~o su!furic acid thus causing the decay 
11 
and ultimate damage. 
The toxic conditions of H2S are mainly related to its release to the 
atmosph~re. According to White ( 5 ), brief exposures to H2S gas, for 
30 minutes or less, to concentrations as low as 0. 1 percent by volume of air 
may be fatal. However, this concentration of 10,000 ppm is not normally 
associ a ted with ground water sources. 
Hydrogen sulfide is known to be a very explosive gas and as indicated 
above can be toxic. Associated symptoms from exposure to a toxic concentra-
tion ore nausea, headaches, and dizziness. As noted by Fair, Geyer 
and Okun ( 9), at concentrations of approximately 500 ppm these symptons 
may appear. 
3.2 Removal by Aeration 
Hydrogen sulfide, H2S, is r~moved from a water source by meons of 
aeration which utilizes the process of gas transfer. In gas transfer 1 molecules 
are exchanged bet\veen the liquid and a gas at a gas-liquid interface. This 
physical phenomenon according to Fair, Geyer and Okun { 9 ), is 
accompanied with chemical, biochemical and biological, as werl as 
biophysical changes. 
The prirnory obiectives of aeration ir, the removal of H2S as stated by 
Fair r Geyer and Okun ( 9 ) are: 
12 
(1) Eliminate obiectionabletastes and odors. 
(2) Reduce corrosion of metals, disini·egration of concrete and 
cement. 
(3) Reduce chlorine demands. 
AWWA { 10) cites gas transfer, by aeration, of a volatile material 
to or from water depends on several J=Orameters which include but are not 
limited to the following: 
(1) Temperature. 
(2) Gas transfer resistance • . 
(3) Partial pressure of the gases in ·the aerator atmosphere. 
(4) Turbulence in the gaseous and liquid state. 
(5} Air-Volume ra·tio. 
{6) Exposure time. 
Aeration promotes equi libriu'm between the dissolved, volatile 
constituents in the liquid phase and those constituents present in the air with 
which it is exposed. The term equilibriurn refers to a steady state condition, 
as regards the concentration of the dissolved substances. 
In order to achieve this condition of equilibrium, AWWA ( 10) 
indica~es sometimes long air-water exposure times are required. As a general 
rule, absolute equilibriurn is seldom necessary or even economic. The main 
function of the aerator is to speed up the reaction rate of H2S, thereby 
releasing it to the atmosphere. This in turn reduces rhe overall chlorine 
13 
requireJnent and results in an economic savings. 
The equilibrium, or saturated value of a dissolved gas, is an .important 
characteristic which depends primarily upon the tempermure of the water 
and the JXJrtial pressure of the gas in the atmosphere in con-tact with the water 
and dissolved solids. According to Henry's law, the higher the (Xlrtial 
pressure, the greater the dissolved gas concentrction. At a fixc~d partjol 
pressure, the higher the temperature the lower the solubility or saturated 
value of a gas. These relationships have been noted by AWWA ( 10 ). 
Weber ( 11 ) has stated this is other terms. Henry1s law is a staten1ent 
for dilute solutions at equi I ibrium, in which the concentration of a gas 
dissolved in a liquid is directly proportiona~ to the partial pressure of that gus 
in the vapor phase \Vith which the solution is in contact. Henry•s law is 
expressed by equation 4 as follo\vs: 
Cs - Kh p 
C - saturation concentration of gas (ml/1) 
s 
Kh = coefficient of absorption {mf/r)" 
p = partial pressure (fraction %) 
equation 4 
1'-fordelt ( 12) has stated that the sofubiiity of a gas is largely affected 
by increasing the temperature and the ionic impurities. Camp ( 2 ) provided 
Table 3-2, which shows the effect of temperature on gas solubility for several 
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This table enumerates the equilibrium concentrations of dissolved gases in 
pure water and its reaction products with the water at one (1) atmosphere. 
- -
The subscript (T) indicated solubilities, including ionization products. It is 
rather interesting to note that the solubility of H2S at 20°C. is nearly twice 
that of carbonic acid (C02). This largely explains why the C02 is released 
to the atmosphere more readily than H
2
S during aeration. 
AWVvA ( 10) emphasizes that saturation values have significance in 
the analysis of gas transfer since it is the difference between it and the actual 
concentration in the \Vater which establishes the driving force and rate of 
reaction. As for example, water deficient in oxygen when exposed to air 
will absorb oxygen from the atmosphere until '"equilibrium is reached. And if 
the \Vater should be oversaturated with oxygen, it can be expected to release 
oxygen unti I equi I ibrium is released. The rate of the reaction is governed 
also by the distance the actual concentration is apart from equilibrium .. This 
rate can be increased onfy by changing one of the several parameters cited 
previously bj' AWWA ( 10). 
Lewis and 'vVhitman (10) hove a two film theory which cites that the 
boundary thickness between the liquid and gaseous state governs the rate of 
passage through them . Since the film thickness is a function of the kinematic 
viscosity, the rate of passage con be increased by agitation of the gas or 
liquid main body. 
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The Lewis and Whitman concept has been expressed as in equation 
5 by AWWA ( 10 ). 
-
dm 
dt = -DgA [de] dy 1 = -DLA [~;] 2 -- -DeA I~;] 3 
[-~;] 1 = 
[~;]2 = 
[~;h = 
equation 5 
concentration gradient through the gas film. 
concentration gradient through the liquid film. 
concentration gradient in the body of the I iqui d below 
the liquid film. 
D = diffusion coefficient of gas through gas film. 
g 
DL = diffus;on coefficient of gas through liquid film. 
D = diffusion eddy coefficient of the gas in the body of the 
e 
liquid. 
This equation considers the eddy diffusion through the body of the 
liquid, in addition to molecular diffusion. The value of the eddy diffusion 
coefficient is the same order of magnitude as the eddy viscosity of the liquid. 
This largely depends on the hydraulic condition and the physical condition of 
the system, which in most 'cases prevails in a state of turbulent flow. 
Since the eddy diffusion is much greater than the diffusivity through 
the liqL•id fnm~ the gradient through the liquid is extremely small compared to 
the Bquid fi!rn o Therefore1 th~ dissolver:i gas throughout the depth of the 
liquid body may be con~idered uniform. The magnitude of the diffusivify in 
17 
the gas phase is greater than the I iquid phase. Therefore, according to 
AWWA (10 }, the transfer of a sparingly soluble gas like oxygen, carbon 
dioxide, -and hydrogen sulfide is controlled by the I iquid film. This theory 
has been substantiated by Weber ( 11 } • 
Since the concen-tration of the dissolved gas may be taken as uniform 
throughout the depth, the entire gradient is assumed to exist at the interface 
and is re-expressed according to AWWA { 10} as follov1s: 
dm = DL A ( C - C ) :;:: K A ( C -C ) equation 6 
dt YL 
s t L s t 
KL = diffusivity (diffusion coefficient divided by the f! lm 
thickness.) 
c = saturation coefficient of gas in water. 
s 
c.L = concentration of gas in water after time (t). 
I 
The · above equation can further be managed to include the volurne of 
the liquid (\1) as indicated by AWWA ( 11 ) in equation 7: 
I dm = de = K A (c -c ) Vdt dt LV st equation 7 
This can be interpreted to i ndi cote that the rate of transfer at any 
tirne is proportional to the change in concentration. In gas release or 
desorption, the term (C ..... c ) wil l be negative reCJching zero at equi I ibrium. 
. s t 
The rate of gas transfer is also proportional to the ratio of the interfacial area 
o! the liquid volume and the transfer coefficient (KL). AWV//l.. ( iO) further 
indicates that since the interfacial areos are difficult to measure in some 
systems, an overall transfer coefficient, {Kla), is used which yi~lds the 
following expression in equation 8: 
de = KL a (Cs-Ct) 
dt 
a =Area/Volume 
equation 8 
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KL a = function of interfacial area,. liquid volume,. and chemical and 
physi ca I vari obI es. 
When this expression is integrated, the following expression results 
respective to adsorption and reI ease: 
Gas Adsorption: 
Gas Release: 
C = C +(C -C) 10- Kla 
t s 0 s 
where, C : . .-: initial concentration. 
0 
equation 9 
equation 10 
According "to Lewis and Whitman (10),. the preceding equati-on can 
be interpre·ted into the follo\ving conclusions: 
(1) Rote of gas transfer is directly proporti :)na l to gas saturation 
{C
5
) and the actual concentration (Ct) in the water at any instance. 
(2) Rate of gas transfer is directly proportional to the gas transfer 
coefficient, which depends upon the diffusivity of the gas and the film 
resistance. 
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(3) Rate of gas transfer is directly proportional to the exposed Area 
to Volume of water (A/V). 
· (4)- Total amount of gas transfer is greater as the time of aeration is 
increased {contacf time in aerator). 
(5) The percent change in gas saturation deficit (C -C ) or surplus 
s t 
(C -C } at any given time is constant based on the deficit or surplus at the 
t s 
beginning of the time period. 
(6) Temperature and pressure are important since they influence the 
gas solubility (C }. Temperature also influences the diffusivity and film 
s 
resistance and hence the value of (k) ~ 
Lewis and Whitman (10} cite that as long as the product of 
area/volume to time remains constant, areator performance remains constant. 
Therefore, if either the time factor or the area to volume ratio is increased, 
the efficiency should increase. 
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3. 3 Removal by Detention 
A chernical reaction occurs between the dissolved H2S an~ its 
i0nic forms in solution. During this process, the obiectionable odors and 
~ 
tastes are removed, but the chlorine demand remains unchanged. As H2S 
decreases in content, its ionic forms, HS- and S-, increase. According to 
Fair, Geyer and Okun ( 9 ), these ionic forrns cannot be removed by :~eration. 
Perhaps the two most significant constituents responsible for H2S 
ionization ore the hydrogen ion and C02 content. Tha hydrogen ion content, 
as indicated by the pH level, is considered the primary parameter.. The C02 
content is important in that its release causes a rise in the pH \vhich tends to 
restrict the release of sulfide by promoting the ionization process. 
According to Fair, Geyer and Okun ( 9 ), hydrogen sulfide has a 
very high solu~ility as compared to C02 • This is exemplified by the fact 
that the adsorption coefficient for H2S is nearly 2 to 3 times greater than 
that for C02 . 
Fair, Geyer and Okun ( 9 ) further indicate· by table 3-3 that 
these adsorption coefficients are affected by temperature to a significant 
degree .. 
Table 3-3 (9) 
ADSORPTION COEFFICIENTS (ML/L) 
emp 
0°C. 10°C. 20°C •. I G~--·~ 
H2S 4690 I 3520 I 2670 
C02 
' 
1710 1190 898 
't -..,._..._._..._-....... ~__.__.......-, .. 
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According to Sawyer and McCarty ( 3 } , C02 is pH dependent I ike 
H
2
S. C02 is normally found in natural ¥tater if the pH is less than 9. Above 
pH 9, the-C02 moves into the alkaline forms, as indicated by Figure 3-2 
based on a water having a total alkalivity of 100 mg/1@ 20°C. 
Carbon dioxide has very often been used in advance of sulfur bearing 
waters to lower the pH level. According to C. C. Li (1.3}, C02, in concen-:-
trations of about 10o/o, raises the hydrogen ion concentration significantly to 
favor the release of H2S as a gas. However, if i·he C02 concentration 
naturally present in a water source: is low, then it will have little impact at 
al J in H2S removal by aerati~n methods. 
If C02 is present in significant amounts, l~ordell ( 12) has .cited thai' 
it will be released at a faster rate than the H2S. As this occurs, the pH rise~, 
thus causing the ionization of H2S and decreases the efficiency of aeration 
methods of removal. 
In aqueous solutions, hydrogen sulfide hydrolyzes as follows, 
according to Vvh i te ( 5 ): 
H2S 
"-. HS + H+ equation 11 
'< 
- ~ -· H+ equation 12 HS s + 
., 
-The hydrogen sulfide compound dissociates to hydrosulfide as HS 
and further i·o S in accordance with the hydrolysis constants indicated below 
by White { 5 ) : 
Fig o 3-2 (3) 
RELATIONSHIP BET'NEEN C02 AND 
THREE FOR,\1\S OF ALKALINITY AT VARIOUS pH LEVELS 
,......, 
~70 
E 
(Based upon a water with a totai alkalinity of 
100 MG/L@ T = 25° C.) 
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K = 9 .lxl0-8 = (H+) (HS-) 
(H2S) 
K == 1.2xl0-12 = (H+) {S=} 
(HS-) 
23 
White ( 5 ) further indicates the effect of pH on the equilibrium of 
hydrogen sulfide and its ionic forms in Figure 3-3. This figure illustrates 
that at pH 7 the H2S level is approximately 50 percent of the totEJI dissolved 
sulfides; whereas, at pH 5 it is nearly 100 percent H2S. At pH 9, the H2S 
conten-t is nearly all hydrosulfide but starts to dissociate at pH ·10 t0 the S-
ion as indicated by the equilibrium curve. 
Pomeroy { 12) has developed his own equilibrium curve based upon 
what he refers to as hydrogen sulfide factors. These factors represent percent 
H2S present at certain pl-l levels. Table 3-4 lists these factors, 'vvhich con be 
calculated from the hydrolysis constants cited above. 
Table 3-4 {l 2) 
HYDROGEN SULFIDE FACTORS 
pH Factor 
5.0 0.98 
6.0 0.86 
6.5 0.67 
7.0 0.39 
7.5 0.17 
8.0 0.06 
9.0 0.0063 
During ne'i'ention, the H
2
S present can also be oxidized by dissolved 
oxygen present in the waterCP Nordell ( 12) indicates that this process is 
Fig. 3-3 (S) 
HYDROGEN SULFIDE EQUILIBRIUM CURVE 
(EFFECT OF pH ON HYDROGEN SULFIDE) 
24 
I 
7 8 9 10 
I 
12 13 14 
pH 
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rather slow but does produce colloidal sulfur that can be visualty noticed in 
the water. Wh ite ( 5 ) indicates this occurrence by equation 13 • · 
H2S + 0 2 '- H20 + S
0 ~ equation 13 
Both hydrogen sulfide and its ionic forms are eventually removed from 
the water by :chlorination. Tank detention on ly provides the H2S time to 
dissociate, which when in its ionic forms HS- and S-have no taste or odor 
prob I ems. With the addition of ch' orine primarily to disinfect the water for 
potable consumption , an added demand still exists from dissociated H2S. 
There are basically two reactions that occur between H
2
S and chlorine 
as indicated by equations 14 and 15. 
1-12s + CL2 = 2HCL + S
0 ~ equation )4 
H2S + 4CL2 + 4H20 :-::H2so4 + 8HCL equation 15 
Theoretical ly, equation 14 shou ld only demand 2.1 pounds of chlorine 
to one pound of H2S, and equation 15 only 8.4 pounds of chlorine to 1.0 
pound of H
2
S, according to White ( 5 ) • In equation 14, elemental sulfur 
and \"'ater are produced by controlled chlorine addition .. This is ofi·en 
accomplished in advance of water treatment facilities which pre-chlorinate .. 
The e lemental sulfur is then col lected in the filters of the plant rather than 
being discharged in the distribution system for consumption. 
Normally 1 quantities of chlorine greater than that required by H2S / 
ere added to obtain a free chlorine residual after disinfection requirements. 
This causes eq•Jation 15 to govern the chlorine demands for H2S .-emoval, 
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as verified by FMC (14). White (5) further points out that if ·excessive 
chlorination occurs to a sulfur bearing water, colloidal sulfur will be ~ormed 
which will appear as a milky blue turbidity. 
As regards the oxidation of the alkaline sulfide forms, experiments 
by Chopp in and Faulkenberry indicate that it is not simple and direct and may 
yield polysulfides, sulfites and thiosulfates, in addition to elemental sulfur 
and sulfates, White (5). Evidence of this is noticed by hot water systems 
vvhich have a noticeable odor. This is not H2S but rather sulfurous odor. 
~l.onscvitz and Ainsworth attribute this demonstrated odor ~~o polysu lfides 
{HSn) in oxidation with H2S, V/hite {5). In a collection system it is possible 
for these polysulfides to revert back to H2S, as~ indicated by vVhite (5). 
According to Monscvitz and Ainsworth, the solution here is to con-
vert the colloidal sulfur and polysulfides to sulfates· by first adding sulfite, 
V/hite (5). This forms thiosulfate (S2o3) which can be converted to sulfate 
by rechlorination as follows in White•s {5) equations: 
so + so = 
Jt_ 3 
" 
equation 16 
HS 
n 
5203 + HOCL equation 17 
Equation 16 is rapid, whereas 17 is not. The tetrathionate (54 0 6-) 
rapidly converts to sulfates which have no odor. This dechlorination process 
is completed by the addition of sulfur dioxide. 
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Tobie 3-5 
CHLORINE DEMANDED BY HYDROGEN SULFIDE 
I Theoretical Actual Average ( 
H2S to H2S to H2S to I H S to 
Sulfate SuI fur/Water Sulfate SuI fur 2jW ater 
Source (EQ 15) (EQ 14) (EQ 15) (EQ 14) 
--
White 8.4 2.1 11.4 2. 1 
Betz 8.4 2.1 (3-9 lbs. average = 5. 3) 
E. K. G i I bert 8.37 2.08 
---
__ ,_ 
EPA G;_ 2.22 10-15 ---Nordell 2 2.08 ... --- ---·-
-
.____.. 
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According to many sources of information, the chlorine demand 
exerted by-H2S and its ionic forms differs from the theoretical requirernenrs, 
as cited in Table 3-5. In review of the actual demands verses theoretical, it 
appears as though an average of 10 parts of chlorine are demanded to remove 
1 part of H2S. 
3.4 Experimental Procedures 
3.4. 1 Determination of Hydrogen Sulfide 
There are currently two accepted methods for the determination 
of hydrogen sui fide as follows: 
( 1) Photometric M.ethod. 
(2) Titration Method. 
Both of these methods use the me.thylene blue concept. The titration 
method is a colorimetric method which 1 according to Stondard Methods ( 15 ), 
is ba~ed on the chemical reaction befween paraaminodimethylanifine, ferric 
chloride and the sulfide ion to form a blue color. 
This titration method is considered the rnost accurate method in the 
determination of H2S. Since hydrogen sulfide begins to dissociate rather 
s!owly, but fogter when agitcted CDr moved, thi·s test is normally cen-
ducted in the field at the specific collection location. The titration test is 
considered to be accurate within 10%. 
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The photometric method is conducted with the use of a colorimeter or 
spectrophotometer. This method was selected for the H2S field determination. 
The equrpniel1t used was a HACH DC-DR kit field laboratory colorimeter with 
a glass fi Iter of wavelength 665 nm. In this method, light is passed through 
a sample of the water and the filter, during which a reading is indicated on 
a scale. The scale needs to be calibrated to a stock solution of known con-
centrations for accurate conversions. This method is claimed by the Hach 
Testing Company to aneosure accurately within "tOo/o+; however, most pro-
fessional laboratories use the titration method over the Hach kit. 
3.4 .2 Measurement of pH 
The other parameter of interest in this study vvas the pH level 
during the test. This was accomplished by means of pH probe~type meters, 
calibrated to a buffer solution of pH 7 in advance and during the testing 
period. 
3 • 4. 3 Co II e cti on Procedures and Methode I ogy 
Grab samples were collected at two specific locations at the 
re.spective locations as fol ~ows: 
(1} A nonaerated sample was gathered from a tap situated on 
the discharge piping do\vnstrecm from the well pump. 
(2) An aerated samp I e was gathered from the bottom of the 
curb in ~he aerator prior to ented ng the storage tank. 
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Both of these samples were carefully moved to an adiacent building 
out of direct sunlight and tested for pH and H2S every 15 minutes. See 
Table 4.:5: 
4.0 RESULTS AND DISCUSSION 
4.1 Effect of Aeration 
31 
. The aerators situated at both of the test locations are na·tural draft 
cascade fype aerators as manufactured by the Crcm Corporation. Figure 4-1 
pictures a typical ground storage tank and aerator similar to those !nvesHgoted. 
Figure 4-2 is a close-up of the aerator, indicating the fiberglass tray design 
and actual arrangement. Figure 4-3 further provides rnore detailed physical 
characteristics of the aerator and its components at various sizes. 
The field H2S tests indicated that raw w~ter concentration in Apopka 
and Maitland \"!ere 1. 78 and 1 .05 ppm, respectively. After aeration, the 
H2S concentrations were decreased to 1.55 and 0. 90. ppm ... which represents 
removc:!s of 12.92 and 14.29 percent, re.spectively .. These data are 
sumn1arized in Table 4-3. 
According to the physical data listed in Table 4-2 for these case study 
locations, contact times were calculated for each aerator corresponding to 
actual flow rates delivered from their wells. Apopka detained its well water 
in the aerator for 43 seconds; whereas, Maitland, for only 21 seconds. Table 
4-1 I ists storage volumes for aerators of various sizes .from which this contact 
time was calcu!atedo · · 
From these actual data collectted during H
2
S removal by detention, it 
was determined -that the dissociation rate of H2S removal followed a first order 
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Fig. 4-3 
AERATOR PHYSICAL CHARACTERISTICS 
r-- ---c---~ 
~~==============~-~==============~~ 
D--
----==!J 
,.... 
A 
CAST IRON 
INFLUENT PIPE 
CIRCULAR CURB 
FlOW CAPACITY AND DJ.MENS!ON TABLE 
f.--· 
Approx. Flow "A" "B" "C" "D .. Number Weight Capacity Pipe Size HeigM Roof Curb of Empty G.P.M. at Aerator Diameter Diameter Trays lbs. 
-~- --
1000 12" 4'·9" 121-8'' 8'-8" 24 350 
---· 
1800 12" 5'·6'' 15'-0" 11'-0" 24 850 
::2500 r 14" 5'-6" 17'-4" 13'·4'" 24 1200 
----
3500 16" 6'-3" 21'-S" 17'-8" 24 1750 
,___- ,---- 6'-3'"~8'-~" I -5000 I 20" I 231·4" 24 2400 -----~ I ---- ·-· 
Approx. 
Weight 
Trays Full 
of Water 
lbs. 
--
850 
2400 
3500 
5000 
7300 
-
34 
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Table 4-1 
AERATOR WATER STORAGE CHARACTERISTICS 
. 1 Aerator Total Storage 
Capacity Number Total In Aerator 
(GPM) Of Levels Trays (GAL)(2) 
-- - · 
1000 4 24 300 
1800 4 24 600 
2500 4 24. 900 
3500 4 24 1500 
5000 4 24 2600 
5000 (1) 5 30 2840 . 
5000 {1) 6 36 3080 l 5000 (1) 7 42 '- 3320 
, 5000 (1) 9 54 3560 
5000 (1) 11 68 3800 
5000 (1) 13 80 4040 
5000 (1) 15 92 4280 
(1) Assumed configuration based on stacking trays vertically. 
(2) Calculations based on volume in trays with {1) one inch 
overflow, and (6) six inches water depth in curb prior 
to tank entry. 
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Table 4-2 
CASE STUDY PHYSICAL DAfA 
~-· 
ITEM APOPKA MAITLAND 
-
ldentifi cation Terrace PI ant Th~s·He Plant 
!--· 
Ground Storage Tank 
I Size {Gallons) 500,000 350r000 
~.---....~ 
Aerator Size {GPM) 2500 1800 
Wei I Discharge Rate {GPM) 1260 '- 1700 
Length of Weir {ft.) 178.5 128.5 I 
-· ·-
vVeir Overflow Rate 
(GPlv\,/Ft .) 7.1 13.2 
-· 
Volume of Water {Gal.) In 
Aerator and Curb 900 600 
-
Calculated aerato~ (1) 
Contact time {sec.) 43 21 
· (1) Based on Fig. 4-7 and Fig. 4-8 
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Table 4-3 
H
2
S REMOVAL AND REACTION RATES DURING AERATION 
I -
ITEM APOPKA MAITLAND I H2S present in raw -1.78 1.05 water _U?.E_~ 
H,S present after 
aeration {ppm) 1 .. 55 0.90 
H2S rernoved (ppm) 0.23 0.15 {percent) 12.92 14.29 
·-
I Calculated H2S l Reaction Rate by \,. 
- 1 -1 Aeration (min-1) 1. 94xl0 4.36x10 
38 
reaction. AWWA ( 10} cites that C02 is removed during multiple tray 
aeraHon, according to a first order react ion. Therefore, based on these facts 
H2S was consi-dered to follow a first order reaction during aeration. Corra-
spending reaction rates were determined per location with respect to the 
actual H2S removal. Table 4-3 I ists both these calculated reaction rates and 
the respective H2S removals. 
The reaction rate for a first order reaction plots a straight line on semi-
log paper and conforms to the following equation: 
a 
I<T = k = 2.303 log a=x equation 18 
where: 
... 1 
K = reaction rate ( min ) 
T ·- conta ct tirne (min) 
k -- fraction 
a - initial concentration (ppm) 
x = removed concentration (ppm) 
a-x = rernaining concentration (ppm) 
Using the calculated reaction rates and contact time for each a e rator, 
a relai'ionship \Atas plotted for the theoretical contact tirnes required at 
different hydrogen sulfide removals. This was developed for the Apopka and 
Maitland aerators, assuming the v1eir overflow rates \Vere held constant. 
Th·ese results were plotted as Figure 4-4. 
Percent 
Table 4-4 
CALCULATED COI'JTACT TIME REQUIRED 
FOR AER.~TION 
Calculated Contact Time (min.) 
Apopka Maitland 
39 
H2S Rem~ved -1 -1 - -1 . -1) (O,k,) (KAA=1.94xl0 min ) (.KMA~4.36xl0 mtn 
10 0.54 0.24 
12.92 0.71 
----
14.92 .......... _ 0.35 
15 0.84 0.37 
20 1.15 0.51 
25 1.48 0.66 
30 , .84 0.81 
I 35 2.22 0.99 
I 40 2.63 ~ 1 .. 17 
I 45 3.08 1.37 I 50 3.57 1.60 
55 4.11 1.83 
60 4.72 2.10 
70 6.21 2.76 
80 8.30 3 •. 69 
90 11.86 5.28 
95 15.44 I 6.87 
96 16.59 7.38 
97 18.08 8.04 
98 20.17 8.97 
99 23.74 10.56 
99.9 35.61 15.84 
L 99.99 47.48 21.12 ... 
@ T = 20° C 
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4. 2 Effect of Detent ion 
The main effect of detention on the aerated and non-aerated waters was 
--
to decrease the H2S concentration. The actual H2S concentrations are listed 
in Table 4-5 with respect to simulated ground storage tank detention time. 
These data are graphically presented in terms of percent H2S removed and 
actual H2S concentration remaining versus time, in Figures 4-5 and 4-6. 
These results, when plotted on semi-log paper, approximate a straight 
I iner thus indicating a first order reaction has occurred. Figures 4-7 and 
4-8 indicate the plots for both case study locations. Their respective reaction 
rates {K) are I isted in Table 4-6 for aerated and non-aerated water as 
determined by equation 18. 
As the H2S concentration decreased, a noticeable reduction in odor was 
experienced. At concentrations of approximately 0. 05 pprn and less, hardly 
any odor could be detected. This observation, supported by previous research , 
indiccttes that the ionizati.on of H2S had occurred during detention. 
4. 3 Effect of pH 
The pH was noted to increase during the detention time of the aerated 
and non-aerated water, as listed in Table 4-7. This pH \'V'OS a very s'ow 
process. As for example, Apopka waters only increased 0.7 of a pH uni t in 
6.5 hours, and in Maitland the increase was about 0.8 of a pH unit in 4.5 
hours. This slight ly faster pH rate corresponds to a slightl y higher rate of 
reaction indicated in Table 4-6 for N\aitland. 
Ta
bl
e 
4-
5 
H 2
S 
RE
J'/\
OV
ED
 B
Y 
GR
OU
ND
 S
TO
RA
GE
 T
AN
K 
DE
TE
NT
IO
N 
I Me
as
ur
ed
 
Ap
C)
pk
a 
I 
M
ai
tla
nd
 
D
et
en
tio
n 
H2
S 
(2)
 I 
Per
cen
t~-
H2
S (
1) 
Pe
rc
en
t 
I H 2
S 
Pe
rc
en
t 
H
 s
 
I 
Pe
rc
en
t 
Ti
m
e 
Re
m
ov
ed
 I
 
Re
m
ov
ed
 
Ra
w 
(2 )
 R
em
ov
ed
 
A
ir 
(1 )
 R
em
ov
ed
 
Ra
w 
A1
r 
(M
in)
 
(pp
m)
 
(%
) 
(pp
m)
 
(o/o
) 
(pp
m)
 
(o/o
) 
(pp
m)
 
(%
) 
-
0 
1.
78
 
0 
1.
55
 
0 
1.
05
 
0 
0.
90
 
0 
30
 
1.
40
 
20
.0
 
1.
42
 
8.
4 
0.
97
 
7.
6 
0.
67
 
25
o6
 
60
 
1 •
 1 1
 
36
.5
 
1.
31
 
15
.5
 
0.
74
 
29
.5
 
0.
43
 
52
.2
 
90
 
0.
90
 
48
.5
 
1.
22
 
21
 .3
 
0.
62
 
40
.9
 
0.
30
 
66
.7
 
12
0 
0 •
. 82
 
53
.1
 
1.
05
 
32
.3
 
0 •
.
 51
 
51
.4
 
0.
23
 
74
.4
 
15
0 
0.
67
 
61
.7
 
0.
82
 
47
.1
 
0.
36
 
65
.7
 
0.
15
 
83
.4
 
18
0 
0.
54
 
69
'0 1
 
0.
60
 
61
.3
 
0.
28
 
73
 •. 3
 
0.
12
 
86
.7
 
21
0 
0.
44
 
74
.9
 
0.
51
 
67
.1 
0.
23
 
78
.1
 
0.
09
5 
89
.4
 
24
0 
0.
32
 
81
.7
 
0.
41
 
73
.5
 
o.
 16
 
84
.8
 
0.
07
5 
91
.7
 
27
0 
0.
20
 
88
.6
 
0 •
.
 26
 r 
83
.2
 
0.
 11
 
89
.5
 
0.
07
0 
92
.2
 
30
0 
0.
17
 
90
.3
 
0.
20
 
87
.1
 
33
0 
0.
14
 
92
.0
 
0.
15
 
90
.3
 
I 
36
0 
0.
10
 
94
.3
 
0.
13
 
91
.6
 
39
0 
0.
08
 
95
.4
 
0.
09
 
94
.2
 
@
 T
 =
 20
° 
C 
(1)
 A
er
at
ed
 S
am
pl
e 
(2)
 
N
on
-A
er
at
ed
 S
am
pl
e 
,-...... 
~ 
a.. 
0.. 
'-' 
...... 
r.: 
Q) 
.._ 
c 
0 
u 
Q) 
"'U 
4: 
:.> 
V') 
c 
<1> , 
0> 
0 
'-
-o 
>-. 
:c 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0.0 
Fig. 4-5 
ACTUAL HYDROGEN SULFiDE REMOVED 
CONCENTRATION VERSUS TfME 
@ T = 20° C 
Detention Time {Min) 
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--Aerated 
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ACTUAL HYDROGEN SULFIDE REMOVED 
PERCENT VERSUS TIME 
@ T = 20° C 
Detention Time {Min) 
300 
0 Apopka 
EJ Maitland 
- Non- Aerated 
-- Aera~ed 
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Table 4-6 
REACTION RATES DURING DETENTION 
-~~tion Apopka Maitla!id Source~~ (Min)-1 (Min} 
............. 
Aerat·ed 
Non·-Aerated 
·-
@ T = 20° C 
7.69xl0 -3 
(KAA} 
7.41x10 -3 
(KANA) 
K = Reaction Rate = k 
t 
where: 
9.09xl0-3 
(KMA) 
'-
-3 8.70x10 
(KMNA) 
= ~.3o3 iog(·~) 
t a-x 
a = initial H2S concentration 
x = removed 1-12s concentration 
a-x= remaining H2S concentration 
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Tab le 4-7 
pH TREND DURING DETENTION 
Apopka L I Dei·ention Maitland Time ~-
(min) Non-Aerated ; Aerated Non-Aerated Aerated 
0 
------ ----
____ .,.. 
.... _ ... _ 
30 7.81 7.94 7.10 7.20 l 
60 7.83 7.97 7.45 7.52 
I 
90 7.86 8.02 7.62 7.64 
l20 7.90 8.06 7.70 7.72 
150 8.00 8.14 7.76 7.78 
I 180 8.09 8.22 7.81 7.82 '-
210 8.16 8.32 7.86 7.88 
240 8 .25 8.39 7.92 7.93 I 
270 8.33 8.45 7.96 7.98 
300 8.39 8.49 I 
8 .43 I 330 8.57 
360 8.47 8.60 
390 8.50 8 .63 I 
--· 
@ T = 20° C 
49 
5.0 CONCLUSIONS AND RECOMMENDATIONS 
The actual concentrations of H2S and pH levels with respect to 
detention time are consolidated on one plot for both case study locations. 
Figure 5-1 represents Apopka and 5-2, Maitland. In observation of these 
figures, the following conclusions cc1n be noted: 
{1) H2S concentration decreases, the pH increases. 
(2) H2S dissociates slowly during detention. 
{3) pH changes slowly during detention. 
- -As the H2S ionizes to H S and S , the taste and odor decrease, but 
the ch!orine demand remains. Since regulatory agencies require a free 
chlorine residual of 0.5 ppm, the chlorine demand exerted by the ionic 
H2S form \Viii be satisfied. 
The net result of this situation is inc::reosed chlorine costs for toted 
treatment. From this point, the advantage of aeration should become readily 
apparent. If the H2S is released as a gas to the atmosphere, then it will not 
be present in solutions to exert a chlorine demand. Therefore , maximum 
effici-ency of the aerator is · desirable. 
I~ order to determine the most cost effective balance between 
aeration and chlorination costs, an economic evaluation is necessart . 
Therefore, the fo II o'..v i ng methode I og y 'NO!> deve! oped to i dent if y this 
condition in .f·erms of a desired aerator efficiency range for Apopka and 
Fi
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Table 5-1 
ECONOMIC PARAMETERS 
FOR AERATOR OPERATIONS 
Apopka 
Aerator Capacity 2500 
Mait land 
1800 
(GPM) 
,...__. 
Aerator Initial Cast ($) 7000 6000 
Annual OR&M Cost ($) 
(12 hrs. @ $2.50) 30 30 
Annual Power Cost ($) 780(~) 630(l) 
.. 
(@ $0.04/kw-hr.) ($65/ stt?ti c ft) ($52. 5/stati c ft) · 
·-
Present Worth of Total '-
Costs (P/A,6,30)=13.77 
($) 18150 15100 
-
Equivalent uniform annual 
total cost (A/P,6, 30}= 
0.07265 ($) l320 1100 
----
{1) Based on 12Ft. static head above water level in ground 
storage tank • 
52 
53 
Maitland. 
The chlorination costs were calculated based on chlorine gas at $350 
per one-ton-cyJ inder. These resulting costs appear in lable 5""'4 expressed as 
annual costs. 
The aerators at both locations are in-place, so a hypothetical 
situation was developed which considered both aerators nonexistent. Table 
5-1 I ists the parameters of concern in aerator operations as: 
( 1) Aerator Capital Cost. 
(2) Operation Repair and Maintenance (OR&M) Costs. 
(3) Power Costs. 
These costs 'vvere converted to a present worth value based on a thirty 
year service I i fe and the value of money at 6 percent. The present \.Yorth 
value wcJs then spread out over the thirty year period on a uniform annual 
cost basis. 
In order to determine the annual capital costs for aerators to achieve 
certain H2S percent removals, we referred back to the calculated contact 
times for H')S removal listed in Table 4-4. From these data and the vol-ume t)f 
L. 
storage available in each aerator size, the increased contact times were met. 
This approach assumes that the weir overflow rate remains constant by decrees-
ing the L~ngth of weirs per tray. 
As pc:it of this approach, i ha aerators were se I ected unti I the ; argest 
standard unit was rec~hed. Beyond this point, trays were stacked by levels 
54 
of one each, thus increasing the height by 1.5 1 • The resulting increased 
aerator capital cost was estimated@ $3250 per level. This rise in height 
- -
a I so increased power costs. Table 5-3 i nd i co ted the theoret i ca I required 
contact times and the aerator design which meets this requiretnent. Table 
5-2 lists aerator capital and power costs. 
in table 5-4, annual chlorination and aerator costs are listed individu-
ally and combined. By plotting the combined costs at different percentages 
of H2S removed, an economic range can be identified. This range indicates 
the most cost effective H2S removal percentage for combined aeration and 
chlorination treatment methods. Figures 5-3 and 5-4 are graphical represen-
tation of these annual costs. This economic range is noted at the sag in the 
combined cost curve. 
These results indicate that a larger aerator, at both Apopka and 
Maitland, would be more cost effective in the removal of H2S if the reaction 
rates cannot be increased. The preferred H2S percent removal by means of 
aeration is indi co ted as follows: 
Apopka 
Maitland 
30 - 40°/o H2S Removal 
40 - 50o/o H2S Removal 
This synthetic evaluation of preferred aerator efficiencies at these 
locations indicates that the aerators are currently operating at less than 
their optima! level for the most cost effective operations. The aerators are 
only removing from 13- 15 percent H2S by 'Neight. 
55 
Table 5-2 
ESTIMATED AERATOR ANNUAL CAPITAL AND POWER COSTS 
- - I I Annua l Apopka Maitland ' 
Aerator Capita l Annua l Annual 
Capacity-GPM Capital Costs($) (2 Power Cost($) Pov1er Cost($) (#Tray Levels) Cost($) (A/P ,6,30) (3) (4) 
1000 5000 360 780 630 
1800 ~ 6000 435 780 630 2500 7000 510 780 630 
3500 9500 690 780 630 
5000 ( 4) 13000 945 780 630 
5000 ( 5)(1 16250 1185 878 709 
5000 ( 6) 19500 1415 975 788 
5000 ( 7) 22750 1650 1073 867 
5000 ( 8) 26000 1890 1170 945 
5000 ( 9) 29250 2125 1268 1023 
5000 (10) 32500 2360 \,. 1365 1102 
5000 (11) 35750 2600 1463 1180 
5000 (12) 39000 2835 1560 1260 
5000 (13) 42250 3070 1657 1340 
5000 (14) 45500 3305 1.755 1418 
5000 (15) 48750 3540 1850 1496 
----·<>~ 
(1 Aerator height increased 1.51 per tray and estimated at 
$3250/tray. 
(2 0. 07265 = annua I cost factor. 
(3 Based on $65/Ft. static head. 
(4 Bcsed on $52 .50/Ft. static head. 
,
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Several courses of uction may be consid.ered at these locations to increase 
the rate of H2S removal and its ultimate effectiveness. These considerations 
are as follows: 
( 1) Increase agitation in the trays, curb area and exit from the 
pipe riser. 
(2) Increase the weir overflow rate over the trays. 
(3) Increase the number of trays to increase the contact time. 
In rating the operation at an existing location, sunk cost incurred by 
that existing facility should not be included in the economic evaluation. 
The uniform annual costs for aerators at Apopka and Maitland are $510 end 
$435r respectively. When i·hese values are subtracted from the equivalent 
annual costs indicated in Table 5-l, the adiusted. costs are as follows: 
Annual Costs 
Aerator Chlorination 
Apopka $810 $1225 
fv\aitland $665 $ 640 
% H2S Removed 
12.92 
14.29 
\'v'hen these sunk. costs have been subtracted from the annual aerator costs; 
and compared to the corresponding cost for ch Iori nation to rerr•ove the same 
H2S percentage, the aerator appears to be more cost effective. Apopka is 
considerably less expensive in annual aerator cost, whereas, Maitland is 
marginal. 
I 
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Both chiorine gas and power costs are expected to rise in the near 
future. The re lative rate of this cost escalation will have an impact on the 
treatment alternative and the optimal operational aeration range. There-
fore, every effort should be provided to optimize aerator efficiency at all 
existing and proposed locations. 
In conclusion, this study provides a means to rate existing aerator 
operations. From the synthetic methodology contained herein, an optimal 
aeration H2S removal range can be determined. The difference between this 
desired H2S removal efficiency, and the prevailing conditions, can be con-
verted into a cost value and used in the justification ·of upgrading the 
aerator's existing operation. This cost savings generates primori ly frorn 
reduced chlorination costs, since the H2S will be released in greater amounts 
to the atmosphere and not in solution. And finally, although H2S removal 
is the primary topic of this report, other water constituents, like iron, 
manganese and carbon dioxide, which a I so cause taste and odor problems 1 
need to be considered in a thorough econornic review of a given aeration 
appJ i cat ion. 
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